Responses of plasma pancreatic polypeptide (PP), glucagon (IRG) and insulin (IRI) after administration of beef soup were studied in normal and alloxan diabetic dogs and their regional content in the pancreas was determined in normal and four or twelve weeks alloxan diabetic dogs. Plasma PP levels of the diabetic dogs were significantly higher than those of the normal dogs and they increased after beef soup administration in both groups. Higher levels of IRG were also found in the diabetic dogs, although IRG increased significantly after beef soup ingestion only in normal dogs. The amounts of PP in the pancreas of normal and diabetic dogs were greatest at the uncinate process, followed in order by the head, body and tail. The IRG content in the pancreas was highest at the tail and lowest at the uncinate process in both dogs. The differences in both PP and IRG in pancreas between normal and diabetic dogs kept in a poor metabolic state for one or three months were not significant in any region of the pancreas.
It has been already reported that plasma pancreatic polypeptide (PP) levels in diabetic subjects rise not only during the fasting state Tsuda et al., 1980; Bergen et al., 1981) , but also during diabetic ketoacidosis (Skare et al., 1980) or after ingestion of beef or a test meal Bergen et al., 1981) . Morphologically Gepts et al. (1977) reported that the PP cells in the islets of the juvenile diabetic pancreas show a hyperfunctioning state, but recently there appeared some reports conflicting with this finding (Stefan et al., 1982; Kloppel and Drenck, 1983) . Till now there have been no comparative studies of pancreatic hormonal content in diabetic and normal pancreas. We have already reported that there is no significant difference in the PP content either in the head or tail of the pancreas in diabetic subjects in contrast to that in nondiabetics (Tasaka et al., 1983) . Since the influence of diabetic treatment on the hormonal content of the pancreas cannot be ignored when autopsied human dia-betic pancreas is used, pancreatic PP, IRG (immunoreactive glucagon) and IRI (immunoreactive insulin) content was investigated in alloxan diabetic dogs together with their plasma response after ingestion of beef soup, and moreover immunohistological studies have been done. pg of HPP. The between-assay coefficients of variation found in 5 consecutive assays at concentrations of 200 and 400 pg/ml were 11.9 and 15.6%. IRG in the extract and in the plasma was measured by the polyethylene glycol method (Henquin et al., 1974) , using 30 k antiglucagon serum (Hoechst Agent, Tokyo), where changes in plasma IRG of 20 pg/ml were able to be detected with 95% accuracy. The between-assay coefficient of variation found in 5 consecutive assays was between 1.6 and 7.5%. The plasma glucose was determind by the glucose oxidase method using autoanalyser. Statistical analysis was performed by Student's t-test and probability of less than 5% was considered to be significant. 3. Immunocytochemical Studies Bouin-fixed, decerated, paraffin sections of dog pancreases were stained by the unlabeled antibody-enzyme method. The Bcells of pancreatic islets at the uncinate process in the diabetic dogs were strikingly decreased compared with those in the normal dogs (unpublished results). On the other hand, the PP-cells at the uncinate process (Figure 9 , 10) were present similarly to those in the normal dogs. 
Discussion
The high plasma levels of PP and IRG seen in untreated diabetic subjects were demonstrated in the alloxan diabetic dogs. In human subjects the plasma PP responses after ingestion of beef soup assume a biphasic pattern, peaking initially at five to ten minutes and then dropping once and remaining at high levels thereafter (Inoue et al. unpublished results) .
Although the amount of beef soup administered in this study was three times as great as that given to human subjects and a significant increase in PP was observed, the plasma responses of PP after soup administration were not as strong in either kind of dog as in human subjects. Wilson et al. (1978) administered a protein meal to dogs, but could not find any sharp plasma PP increase and its maximum point was found at 60 to 90 minutes after administration. In this investigation, dogs were anesthetized with pentobarbital, which causes a hyperparasympathic state in dog (Dundee and Clarke, 1980) , and might have some effects on PP secretion (Schwartz et al,, 1978 ; Guzman et al., 1981) . The increase in plasma IRI after administration of the soup to normal dogs was also insidious compared with that in human subjects, peaking at three hours after the meal and this high level continued for many hours thereafter (Goriya et al, 1979) . Therefore the difference in the plasma PP response pattern from that of human subjects could be due to some species difference in the materials. After beef soup administration, there was a significant change in the plasma glucose level only in normal dogs. This could be a reflection of the slightly significant change in plasma IRG levels in normal dogs. In diabetic dogs such increases in plasma glucose and IRG levels were not found. This would be due to the weak capacity for IRG secretion of beef soup administration.
The plasma IRI levels in diabetic dogs were significantly lower than those in normal dogs, and there were no marked changes in IRI values in either group after beef soup administration. Insulin in the pancreas was most abundant in the tail portion just as reported in human subjects by Wrenshall et al. (1952) and Rastogi et al. (1973) . The amount of insulin in alloxan diabetic dogs was very low, especially in the tail portion of the pancreas.
The regional distribution of pancreatic PP and IRG were in an inverse relationship. The amount of PP was high in the uncinate process and the head of the pancreas, and low in the body and tail, and these findings were consistent with the results of Gingerich et al. (1978) and Gersell et al. (1979) . Orci et al. (1976) and Baetens et al. (1976) found morphologically, by the immunofluorescence technique, that PP-containing cells were abundant in the head and scarce in the body and tail of the rat pancreas and that, on the other hand, glucagon-containing cells were abundant in the body and tail of the pancreas. In this study, the glucagon content of the pancreas was very low in the uncinate process and the head and high in the body and head. Bencosme & Liepa (1955) had already demonstrated it histologically, and similar results were reported thereafter (Gingerich et al., 1978; Gersell et al., 1979) . In the embryonic development of pancreas of mammals including human subjects, it is believed that most of the pancreas derives from the dorsal primordium and its head from the ventral primordium (Picket and Rutter, 1972) .
Although immunocytochemical studies were not done morphometrically, the distribution and the amounts of PP and IRG in the pancreas of alloxan diabetic dogs were not so different from those of normal dogs irrespective of the higher plasma response in diabetic dogs. Gepts et al. (1977) reported that pancreatic PP cells in autopsied juvenile diabetics are immunohistologically hyperplastic and that fact might be inconsistent with our results.
However, Stefan et al. (1982) and Kloppel and Drenck (1983) found no increase in PP cells in the pancreas of Type 1 diabetics. The reason for this discrepancy is not clear, and it might be due to some difference in materials used. In this study, from the viewpoint of hormonal content and histological studies, no hyperplastic findings of PP cells were found in the alloxan diabetic dog's pancreas. Thus in the diabetic state PP or IRG is supposed to be easily secreted irrespective of its normal content. Further investigation on their biosynthesis or secretion would be necessary to elucidate their mechanism of secretion.
